Functional adaptation to reduction in renal mass.
As the population of nephrons diminishes, while the dietary intake and/or endogenous production of water and solutes is unchanged, there is a proportional increase in the excretion of water and solute by individual residual nephrons. This adaptive change, which preserves zero net balance in the early phase of renal insufficiency, involves a reduction in the fractional reabsorption of substances derived from the initial glomerular ultrafiltrate and an increase in the rate of secretion of solutes that are extracted by tubular epithelial cells from peritubular blood. These compensatory changes are adequate to maintain electrolyte and water homeostasis until severe renal failure ensures (GFR less than 20% of normal). After a moderate reduction in nephron population there is no evidence that the factors that modulate ion transport are qualitatively different from those that regulate renal function in the intact subject, when the excretory load of solute is varied by changes in intake or endogenous production. In severe renal insufficiency, however, it seems likely that several factors, not present in the subject with intact renal function, also play an important role in modifying the excretion of water and electrolytes. For example, an osmotic diuresis in severe renal failure apparently decreases the tubular reabsorption of sodium and divalent cations and that of water. Moreover, elaboration of a partially identified "natriuretic" substance may participate in the regulation of electrolyte excretion in severe renal insufficiency. The appearance of these factors in severe renal insufficiency probably complements mechanisms that normally regulate the transfer of water and ions across tubular epithelium, since even after a marked reduction in GFR the urinary excretion of solutes and water changes proportionally with intake, although within narrower limits than exist in normal subjects. Studies in experimental animals and in man with acquired renal disease demonstrate the important role of other factors in compensatory adaptation, in addition to changes in tubular transport. The marked increases in glomerular filtration rate and nephron blood flow, which occur at least in some conditions, increase the absolute amount of water and solute delivered to the various nephron segments in ultrafiltrate and peritubular blood. Moreover, the expansion of extracellular fluid in severe renal failure inhibits tubular reabsorption of filtered water and solute in the same qualitative way that has been demonstrated in subjects with intact renal function. Quantitatively the response to acute volume expansion is exaggerated compared with control. Concomitant changes in renal hypertrophy and hyperplasia probably play an important role in functional adaptation. The apparent marked capacity for compensatory growth in all nephron segments and even in portions of tubular segments in parenchymal renal disease increases the area for transport by tubular epithelia in residual nephrons, as the overall number of nephrons diminishes...